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Specification 



Title of the Invention: Multi-stage hydrate decomposition tank 



Claims: 

1 . In a multi-stage hydrate decomposition tank provided in a frozen type seawater desalination 
apparatus, a multi-stage hydrate decomposition tank characterized by a deflector being provided 
on the down stream side of the orifice on the orifice plate between stages. 

2. A multi-stage hydrate decomposition tank as set forth in claim 1, with the angle of the 



deflector vsdth respect to the orifice plate between stages being set to 70-80 degrees, the ratio of 
the length of the deflector with respect to the diameter of the orifice plate between stages being 
20-25, and the ratio of the width of the deflector with respect to the diameter of the orifice plate 
between stages being 5-10. 

Detailed Description of the Invention: 

The present invention relates to a multi-stage hydrate decomposition tank, specifically, to 
an efficient multi-stage hydrate decomposition tank provided in a frozen type seawater 
desalination apparatus utilizing cold heat generated when a Uquified gas such as LNG is gasified. 

Hydrate is formed by a liquified gas and seawater are brought into direct contact under an 
elevated pressure, 

[Page 407, column (2)] 

and a type of clathrate compound wherein water molecules are bonded around a hydrocarbon 
molecule such as methane, ethane, and propane. For example, when a liquified gas and seawater 
are brought into direct contact under an elevated pressure of 30 kg/cm^, a hydrate is formed at the 
seawater temperature of about 8EC. Therefore, the cold heat in conjunction with the evaporation 
of liquified gas is consumed for the formation of hydrate and the temperature does not drop to 
about ! 2EC, the temperature at which ice crystals are formed in seawater, and only the hydrate is 
formed. While this hydrate is nearly the same in appearance as ice crystals, the particle diameter 
thereof is 1/3-1/4 in particle size as compared to the particle diameter of the ice crystal formed 
when a liquified gas and seawater are brought into direct contact xmder a low pressure. 

In the seawater desalination method by frozen method, naturally crystallization 
technology but the dissociation of ice crystals or hydrate formed in the crystallization tank and 
concentrated seawater (hereinafter referred to in short as brine) is also one of the important 
technologies. Now, the dissociation performance of ice crystals or hydrate and brine is subject to 
the sizes of the particles thereof, and the larger the particle diameter is, the more enhanced the 
dissociation performance is. 

[Page 408, upper left-hand column] 

As related to this dissociation performance. Fig. 1, which is an attached drawing, is a 
graph illustrating the dissociation performance of ice crystals and hydrate from within the brine, 
the horizontal axis showing the height of laminated layer (mm) of the ice crystals and hydrate 
and the vertical axis desalination rate (%), and, curve A being for ice crystals and curve B for 
hydrate. This experiment looked into the dissociation performance of the ice crystals formed by 
a liquified gas and seawater being brought into direct contact xmder a lower pressure under which 
hydrate does not form and the hydrate formed by a liquified gas and seawater being brought into 
direct contact under an elevated pressure of about 30 kg/cm^. As apparent from Fig. 1, the ice 
crystals (curve A) show high desalination rates as compared to hydrate (curve B). 

And, the hydrate has a characteristic such that it decomposes by the pressure being 
reduced from the pressure at the time of crystallization to the ambient pressure, and about 93 kcal 
per 1 kg of hydrate is required for the decomposition heat then. Therefore, by tiie hydrate being 
decomposed in a container under the condition of heat transfer from the outside being avoided 
and reduced pressure, the hydrocarbon composing the hydrate is gasified and, on the other hand, 



the water molecules arovind the hydrocarbon become ice crystals. 
[Page 408, upper right-hand column] 

Therefore, in a liquified gas cold heat utilizing seawater desalination whereby a liquified gas and 
seawater are brought into direct contact under an elevated pressure, hydrate should be 
decomposed dissociation 

disaociatod and converted into ice crystals when the docompooition performance of the hydrate 
and the difficulty anticipated from performing a dissociation operation under an elevated pressure 
are taken into consideration. 

The present invention was made while paying attention to the above-described point, and 
is aimed at providing a multi-stage hydrate decomposition tank, by improving the structure of the 
hydrate decomposition tank, which is capable of making the flow inside the decomposition tank 
active and the slurry flow through the orifice between stages easy. 

The present invention being roughly described, the multi-st^e hydrate decomposition 
tank according to the present invention is characterized by a deflector being provided on the 
downstream side of the orifice of the orifice plate between stages in a multi-stage hydrate 
decomposition tank provided in a firozen type seawater desalination apparatus. 

Since the specific weight of the hydrate is nearly the same yalue as that of ice, the hydrate 
floats up fi-om inside the brine inside the tank, etc., with little flow such that it makes difficult the 
flow in the orifice between stages of the hydrate decomposition tank. 

[Page 408, lower left-hand column] 

As to the present invention, a deflector is provided on the downstream side of the orifice 
of the orifice plate between stages in order to make active the flow of the slurry in the multi-stage 
decomposition tank and to make the flow the slurry through the orifice between stages, whereby 
a turbulent flow is provided to the liquid phase portion in the multi-stage decomposition tank, 
and the hydrate is efficiently decomposed and can be converted into ice crystals. 

According to the experiments by the present inventors, etc., the particles of the ice 
crystals formed by the reduced-pressvire decomposition of the hydrate increase in size when the 
decomposition time becomes long. Namely, Fig. 2, an attached drawing, is a graph illustrating 
tiie changes over time of the particle diameters of the ice crystals formed by tiie reduced-pressure 
decomposition of the hydrate, the horizontal axis illustrating hydrate decomposition time 
(minutes) and the vertical axis the particle diameter (Om) of the ice crystals formed by hydrate 
decomposition. As ouch , since the increase of the particle diameter of ice crystals is linked to the 
enhancement of dissociation performance, the longer the decomposition time is, the better it is as 
much as possible. To tiiat end, it is desirable to lengtiien hydrate decomposition time by making 
the decomposition tank multi-stj^ed. 

There are provided orifice plates between stages, as specifically shown in the drawing 
below, provided with an orifice acting as tiie slurry flow opening of d in ^ such tiiat each stage 

diameter 

has a pressure differential. 
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Each of the decomposition chambers divided by these orifice plates consists of the liquid phase 
portion and the vapor phase portion, and in tiie gas phase portion there is present the decomposed 



gas of the hydrate and in the liquid phase portion there are present'the hydrate or ice crystals as 
they are mixed with brine to form a slurry. Since the specific weight of ice crystals and hydrate 
is about 10% less as compared to the specific weight of brine, the ice crystals or hydrate floats up 
to the upper portion of the liquid phase portion when there is little flow in the liquid phase 
portion, making difficuh the passage thereof through the orifice provided at the lower portion of 
the liquid phase portion, making the decomposition operation impossible as the hydrate or ice 
crystals rise eventually to the vapor phase portion. 

Accordingly, it is necessary to provide fluidity (turbulent flow) to the liquid phase portion 
so as for the ice crystals and hydrate to be dispersed nearly uniformly through the entire liquid 
phase portion. 

In the present invention, there is provided a deflector at the rear side on the downstream 
side of the orifice to provide fluidity to this liquid phase portion. While there is no particular 
limitation placed on the dimension, location, and direction, etc., of this deflector, 

[Page 409, upper left-hand column] 

as to the angle of deflector (9, the length of deflector P, and the width b it is appropriately set such 
that they are d= 70-80E, the relation between Pand b being PId = 20-25, and b/d = 5-10 
respectively, and it was verified through an experiment that this allows the hydrate and ice 
crystals in the liquid phase portion to be imiformly dispersed. 

Next, the present invention will be described in specifics with the use of attached 
drawings. Fig. 3 is a system diagram illustrating one example of the frozen type seawater 
desalination apparatus using a multi-stage hydrate decomposition tank according to the present 
invention, and Fig. 4 an enlarged view of the multi-stage hydrate decomposition tank in Fig. 3,1 
illustrating a crystallization tank, 2 a liquified gas vaporizer, 3 a liquified gas conduit, 4 hydrate, 
5 vaporized gas conduit, 6 a pressure release valve, 7 a seawater conduit, 8 the liquid surface of 
seawater, 9 a hydrate and brine conduit, 10 the multi-stage hydrate decomposition tank, 1 1 an ice 
crystal and brine conduit, 12 a pump, 13 a dissociation tank, 14 a decomposed gas conduit, 15 a 
decomposed gas pressure release valve, 16 ice crystals, 17 brine, 18 a dissociation portion, 19 a 
brine conduit, 20, an orifice, 21 an orifice plate between stages, 22 the liquid phase portion, 23 
the vapor phase portion, 24 a deflector, d the orifice diameter, ^deflector angle, Pdeflector 
length. 
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As shown in Fig. 3, in the crystallization tank 1 the liquified gas compression-fed[Page 
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Specification 

Title of the Invention: Multi-stage hydrate decomposition tank 
Claims: 

1. In a multi-stage hydrate decomposition tank provided in a fi-ozen type seawater desalination 
apparatus, a multi-stage hydrate decomposition tank characterized by a deflector being provided 
on the down stream side of the orifice on the orifice plate between stages. 

2. A multi-stage hydrate decomposition tank as set forth in claim 1 , with the angle of the 
deflector with respect to the orifice plate between stages being set to 70-80 degrees, the ratio of 
the length of the deflector with respect to the diameter of the orifice plate between stages being 
20-25, and the ratio of the width of the deflector with respect to the diameter of the orifice plate 
between stages being 5-10. 

Detailed Description of the Invention: 

The present invention relates to a multi-stage hydrate decomposition tank, specifically, to 
an efficient multi-stage hydrate decomposition tank provided in a frozen type seawater 
desalination apparatus utilizing cold heat generated when a liquified gas such as LNG is gasified. 

Hydrate is formed by a liquified gas and seawater are brought into direct contact under an 



elevated pressure. 
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and a type of clathrate compound wherein water molecules are bonded around a hydrocarbon 
molecule such as methane, ethane, and propane. For example, when a liquified gas and seawater 
are brought into direct contact \inder an elevated pressure of 30 kg/cm^, a hydrate is formed at the 
seawater temperature of about SEC. Therefore, the cold heat in conjimction with the evaporation 
of liquified gas is consumed for the formation of hydrate and the temperature does not drop to 
about ! 2EC, the temperature at which ice crystals are formed in seawater, and only the hydrate is 
formed. While this hydrate is nearly the same in appearance as ice crystals, the particle diameter 
thereof is 1/3-1/4 in particle size as compared to the particle diameter of the ice crystal formed 
when a liquified gas and seawater are brought into direct contact under a low pressure. 

In the seawater desalination method by frozen method, naturally crystallization 
technology but the dissociation of ice crystals or hydrate formed in the crystallization tank and 
concentrated seawater (hereinafter referred to in short as brine) is also one of the important 
technologies. Now, the dissociation performance of ice crystals or hydrate and brine is subject to 
the sizes of the particles thereof, and the larger the particle diameter is, the more enhanced the 
dissociation performance is. 

[Page 408, upper left-hand column] 

As related to this dissociation performance. Fig. 1, which is an attached drawing, is a 
graph illustrating the dissociation performance of ice crystals and hydrate from within the brine, 
the horizontal axis showing the height of laminated layer (nmi) of the ice crystals and hydrate 
and the vertical axis desalination rate (%), and, curve A being for ice crystals and curve B for 
hydrate. This experiment looked into the dissociation performance of the ice crystals formed by 
a liquified gas and seawater being brought into direct contact under a lower pressure under which 
hydrate does not form and the hydrate formed by a liquified gas and seawater being brought into 
direct contact under an elevated pressure of about 30 kg/cm^. As apparent from Fig. 1, the ice 
crystals (curve A) show high desalination rates as compared to hydrate (curve B). 

And, the hydrate has a characteristic such that it decomposes by the pressure being 
reduced from the pressure at the time of crystallization to the ambient pressure, and about 93 kcal 
per 1 kg of hydrate is required for the decomposition heat then. Therefore, by the hydrate being 
decomposed in a container xmder the condition of heat transfer from the outside being avoided 
and reduced pressure, the hydrocarbon composing the hydrate is gasified and, on the other hand, 
the water molecules around the hydrocarbon become ice crystals. 

[Page 408, upper right-hand colimm] 

Therefore, in a liquified gas cryogenic heat utilizing seawater desalination whereby a liquified 
gas and seawater are brought into direct contact under an elevated pressvire, hydrate should be 
decomposed , dissociation 

dioaociated and converted into ice crystals when the decomposition performance and the 
difficulty anticipated from performing a dissociation operation xmder an elevated pressure are 
taken into consideration. 

The present invention was made while paying attention to the above-described point, and 
is aimed at providing a multi-stage decomposition tank, by improving the stracture of the 



decomposition tank of hydrate, which is capable of making the flow inside the decomposition 
tank active and the slurry flow through the orifice between stages easy. 

The present invention being roughly described, the multi-stage decomposition tank for 
hydrate according to the present invention is characterized by a deflector being provided on the 
downstream side of the orifice of the orifice plate between stages. 

Since the specific weight of the hydrate is nearly the same value as that of the ice, the 
hydrate floats up firom inside the brine inside the tank, etc., with little flow such that it makes 
difficuh the flow in the orifice between stages of the hydrate decomposition tank. 

[Page 408, lower left-hand column] 

As to the present invention, a deflector is provided on the downstream side of the orifice 
of the orifice plate between stages in order to make active the flow of the slurry in the multi-stage 
decomposition tank and to make the flow the slurry through the orifice between stages, whereby 
a turbulent flow is provided to the liquid phase portion in the multi-stage decomposition tank, 
and the hydrate is efficiently decomposed and can be converted into ice crystals. 

According to the experiments by the present inventors, etc., the particles of the ice 
crystals formed by the reduced-pressure decomposition of the hydrate increase when the 
decomposition time becomes long. Namely, Fig. 2, an attached drawing, is a graph illustrating 
the changes over time of the particle diameters of the ice crystals formed by the reduced-pressure 
decomposition of the hydrate, the horizontal axis illustrating hydrate decomposition time 
(minutes) and the vertical axis the particle diameter (Om) of the ice crystals formed by hydrate 
decomposition. Ao ouch , since the increase of the particle diameter of ice crystals is linked to the 
enhancement of dissociation performance, the longer the decomposition time is, the better it is as 
much as possible. To that end, it is desirable to lengthen hydrate decomposition time by making 
the decomposition tank multi-staged. 

There are provided orifice plates between stages, as specifically shown in the drawing 
below, provided with an orifice acting as the slurry flow opening of d in ^ such that each stage 

diameter 

has a presstire differential. 
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Each of the decomposition chambers divided by these orifice plates consists of the liquid phase 
portion and the vapor phase portion, and in the gas phase portion there is present a 
decomposition gas of the hydrate and in the liquid phase portion there are present the hydrate or 
ice crystals as they are mixed with brine to form a slurry. Since the specific weight of ice crystals 
and hydrate is about 10% less as compared to the specific weight of brine, the ice crystals or 
hydrate flow up to the upper portion of the liquid phase portion when there is little flow in the 
liquid phase portion, making difficult the passage thereof through the orifice provided at the 
lower portion of the liquid phase portion, making the decomposition operation impossible as the 
hydrate or ice crystals rise eventually to the vapor phase portion. 

Accordingly, it is necessary to provide fluidity (turbulent flow) to the liquid phase portion 
so as for the ice crystals and hydrate to be dispersed nearly uniformly through the entire liquid 
phase portion. 

In the present invention, there is provided a deflector at the rear side on the downstream 
side of the orifice to provide fluidity to this liquid phase portion. While there is no particular 



limitation placed on the dimension, location, and direction, etc., of this deflector, 
[Page 409, upper left-hand column] 

as to the angle of deflector B, the length of deflector P, and the width b it is appropriately set such 
that they are (9= 70-80E, the relation between Pand b being P/d = 20-25, and b/d = 5-10 
respectively, and it was verified through an experiment that this allows the hydrate and ice 
crystals in the liquid phase portion to be imiformly dispersed. 

Next, the present invention will be specifically described with the use of attached 
drawings. Fig. 3 is a system diagram illustrating one example of the firozen type seawater 
desalination apparatus using a hydrate multi-stage decomposition tank according to the present 
invention, and Fig. 4 an enlarged view of the hydrate multi-stage decomposition tank in Fig. 3, 1 
illustrating a crystallization tank, 2 a liquified gas vaporizer, 3 a liquified gets pipe path, 4 
hydrate, 5 vaporized gas pipe path, 6 a pressure release valve, 7 a seawater pipe path, 8 the liquid 
surface of seawater, 9 a hydrate and brine pipe path, iO the multi-stage decomposition tank for 
hydrate, 1 1 ice crystal and brine pipe path, 12 a pump, 13 the dissociation tank, 14 a decomposed 
gas pipe path, 15 a decomposed gas pressure release valve, 16 ice crystals, 17 brine, 18 a 
dissociation portion, 19 a brine pipe path, 20, an orifice, 21 an orifice place between stages, 22 
the liquid phase portion, 23 the vapor phase portion, 24 a deflector, d the orifice diameter, 0 
deflector angle, P deflector length. 

[Page 409, upper right-hand colunm] 

As shown in Fig. 3, in crystallization tank i the liquified gas compression-fed firom the 
liquified gas pipe path 3 is brought into direct contact with the seawater fed from seawater 
conduit 7 by the liquified gas vaporizer 2 such that hydrate 4 is formed in the crystallization tank 
i, and the vaporized liquified gas flows out to the outside through the vaporized gas conduit 5 
and the pressure release valve 6. The hydrate and brine formed in the crystallization tank 1 
become a slurry and enters into the multi-stage hydrate decomposition tank 10 through the 
hydrate and brine conduit 9. The hydrate is converted into ice crystals from hydrate in said 
decomposition tank 10, and enters into the dissociation tank 13 through the ice crystal and brine 
conduit 1 1 and the pump 12. On the other hand, the decomposition gas generated in conjunction 
with the decomposition of the hydrate in said decomposition tank 10 flows out to the outside 
through the decomposed gas conduit 14 and the decomposed gas pressure release valve 15, and 
used mainly as a fiiel. In the dissociation tank 13 the ice crystals 16 and the brine 17 are 
dissociated by the dissociation portion 18 provided in the dissociation tank 13, and the brine is 
discharged through the brine conduit 19. 

[Page 409, lower left-hand column] 

As shown in Fig. 4, in said decomposition tank 10 there are provided orifice plates 
between stages 21 provided with orifices 20 to provide a pressure differential at each stage, and 
each of the decomposition chambers divided by these is composed of the vapor phase portion 23 
composed of the decomposed gas of hydrate and the liquid phase portion 22 composed of the 
mixed slurry of hydrate or ice crystals and brine. As previously described, there is provided a 
deflector on the downstream side of the orifice 20 in order to make decomposition operation 
smooth and to uniformly disperse ice crystals and hydrate in the entire Uquid phase portion 22 by 
providing fluidity to the liquid phase portion 22, and a good decomposition effect can be 



exhibited with the use of the location, angle, and dimension of the deflector under the above- 
described conditions. 

As so far described, the present invention can provide a multi-stage decomposition tank 
for frozen type seawater desalination capable of effectively decomposing hydrate with the 
provision of an orifice having a suitable location, dimension, and angle on the downstream side 
of an orifice between stages. 

Brief description of the Drawings: 

Fig. 1 is a graph illustrating the dissociation performance of the ice crystals and hydrate 
from within the brine, 
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Fig. 2 a graph illustrating the change over time in the particle diameter of the ice crystal formed 
by the reduced-pressure decomposition of hydrate. Fig. 3 a system diagram illustrating one 
example of the frozen type seawater desalination apparatus using the hydrate multi-stage 
decomposition tank according to the present invention, and Fig. 4 an enlarged view of the 
hydrate multi-stage decomposition tank in Fig. 3 . 

J_ Crystallization tank, 2 Liquified gas vaporizer, 3 Liquified gas conduit, 

4 Hydrate, 5 Vaporized gas conduit, 6 Pressure release valve, 7 Seawater 

conduit. 8 Liquid surface of seawater, 9 Hydrate and brine conduit, 

10 Multi-stage hydrate decomposition tank, 1 1 Ice crystals and brine conduit, 

12 Pump, 13 Dissociation tank, 14 Decomposed gas conduit, 

15 Decomposed gas pressure release valve, 16 Ice crystals, 17 Brine, 

1 8 Dissociation portion, 19 Brine conduit, 20 Orifice, 21 Orifice plate 

between stages, 22 Liquid phase portion, 23 Vapor phase portion, 

24 Deflector, ee Orifice diameter, ^....Deflector angle, P..... Deflector length. 

a 
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